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Sustainable nitrogen management 
EPA’s Sustainable & Healthy Communities Research Program 
 Jana Compton – US EPA (ORD NHEERL WED) Corvallis Oregon 

Presenter
Presentation Notes
Connecting ecosystem services to Human-well being and being able to value these services 
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Sustainable and Healthy Communities 
Research Program 

Theme 1: Data and Tools to Support 
Sustainable Community Decisions 

Theme 2: Forecasting and Assessing 
Ecological and Community Health 

Theme 3: Near-term Approaches for 
Sustainable Solutions 
• Contaminated Sites 

• Materials Management and Sustainable tech 

• Integrated management of reactive N 

• Report on the Environment 

Theme 4: Integrated Solutions for 
Sustainable Outcomes 

2 

http://images.google.com/imgres?imgurl=http://www.michigan.gov/images/LiquidDisposalMaComb-B1_167776_7.jpg&imgrefurl=http://www.michigan.gov/deq/0,1607,7-135-3311_4109_4217-89332--,00.html&h=1140&w=1739&sz=2556&hl=en&start=2&sig2=0J7af9-KPDghivCwy6OOJg&tbnid=-d50qniOdMGAOM:&tbnh=98&tbnw=150&ei=_2UbSJKMDJf0eYfimOsL&prev=/images?q=superfund&gbv=2&hl=en�


3 

SHC Nitrogen Team 
NHEERL 
Jana Compton  WED 
Steve Jordan  GED  
Brian Hill MED  
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Compton et al. 2011 Ecology letters 

Human-driven increases in reactive N: 
temporal pattern 

Presenter
Presentation Notes
Figure 1 Natural and anthropogenic sources of new N to the landscape for the
continental USA. Data sources: Lightning: (Galloway et al. 2004; assumed constant),
Natural or background biological N fixation: (Bouwman et al. 2009), Fertilizer:
(NASS for 1940, FAOSTAT for 1961–1999), Fossil fuel combustion: (US EPA
1985, 2000; R. Dennis, pers. comm.), agricultural N fixation from legumes:
(calculated from FAOSTAT for 1961–1999 and NASS for 1909, and 1919). Years
without data were estimated using linear interpolation.
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Human-driven increases in reactive N: 
spatial pattern 
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Presenter
Presentation Notes
Modified from Galloway et al. (2003); 
Pictures by J. Compton or from http://intranet.epa.gov/media/phototopics.htm
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Increasing nitrate violations in drinking water 
US Community Water Systems  

0 

200 

400 

600 

800 

1000 

1200 

1995 2000 2005 2010 

N
um

be
r o

f n
it

ra
te

 v
io

la
ti

on
s 

http://water.epa.gov/scitech/datait/databases/drink/sdwisfed/howtoaccessdata.cfm 
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Questions for SHC-N:   
 

oWhat is the current impact of N policies on 
ecosystem services and human well being, and 
how will this change in the future?   
 

oWhat critical tools and information are needed for 
sustainable community, regional and national 
decisions about nitrogen?   
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 A specific charge:   
 
If you were to reduce N by 25% (SAB INC 2011), what 
would be the most economically efficient, social 
acceptable, and environmentally sound way to do it?   
  

Galloway 2008 

Presenter
Presentation Notes
Fig. 3. Conceptual model of where interventions in the N cycle can be used to decrease the amount
of Nr created or the amount of Nr lost to the environment. The red boxes represent subsystems where
Nr is created. The sky-background space represents the environment. Arrows leaving the red boxes
either result in Nr lost to environment (fossil fuel and biofuel combustion) or inputs to the food
production system (gray box). The light blue boxes within the gray box represent subsystems within
the food production system where Nr is used. Nr can either enter these subsystems (thin red lines), or
be lost to the environment (thick red lines). The numbers represent intervention points for N
management. The pie chart shows the magnitude of Nr managed by the four interventions relative to
the total amount created (187 Tg N) in 2005.

http://yosemite.epa.gov/sab/sabproduct.nsf/WebReportsLastMonthBOARD/67057225CC780623852578F10059533D/$File/EPA-SAB-11-013-unsigned.pdf�


10 

Ecosystem 
Goods & 
Services 

Human health 
and well-being 

Economic 
values 

Decisions 
(individual, 

local, regional, 
national) 

Stressors/Drivers 

Ecosystem 
Condition 

Current decision process 

Integrated decision process 

Triple Bottom-Line 
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Research tasks within SHC-Nitrogen 
Task # Title Task lead 

3.3.1.1 
Mapping nitrogen sources and nitrogen-impacted ecosystems at 
scales for national, regional and local decisions 

Jana Compton 

3.3.1.2 
Informing sustainable nitrogen decisions using an ecosystem 
services framework Steve Jordan 

3.3.1.3 
Interactive impacts of nitrogen deposition and climate change on 
ecosystems and ecosystem services. 

Christopher Clark 

3.3.1.4 
Modeling to address atmospheric and ecosystem exposure and 
effects Robin Dennis 

3.3.1.5 Sustainable N management tools and case studies    Ken Forshay 

3.3.1.6 Lake ecosystem services in the northeastern United States Jeff Hollister 

3.3.1.7 
Effects of land use change associated with biofuel production 
scenarios on water quality and aquatic ecosystems. 

Russ Kreis 

3.3.1.8 
Effects of hypoxia on provision of ecosystem services by marine 
benthic commmunities along the US Atlantic coast 

Stephen Hale 

3.3.1.9 
Peatlands ecosystem services: Linking carbon and nitrogen 
dynamics with regional‐scale air and water quality protection 

Brian Hill 

3.3.1.10 
Large river floodplain restoration and re-connection effects on 
ecosystem services and nitrogen retention 

Ken Forshay 

3.3.1.11 Wetlands and nitrogen in Narragansett Bay watershed Cathy Wigand 
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Outputs 

• Output 1 – Mapping 

• Output 2 – Ecosystem services response functions 

• Output 3 – Scenario modeling 

• Output 4 – Tools for sustainable N use 
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Task 3.3.1:  Jana Compton, Brian Hill 
 
Expected products: 
• Maps of nitrogen inputs to US at several levels of spatial and temporal 

resolution. 

• Linkages between nitrogen sources and stream and river condition for US 

• Life Cycle Analysis of nitrogen sources (in conjunction with output 2).  

• Local testing and comparison of these N source maps and to validate and 
assess uncertainties.  

Output 1 - Mapping 
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Human-driven increases in reactive N: 
spatial pattern 
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Expected products 
• Integrated scalable framework of response relationships between nitrogen 

and the ecosystem goods and service production, human health and well-
being, and economic benefits functions.  

Output 2 –  
Ecosystem services and well-being 

Informing sustainable nitrogen decisions using an 
ecosystem services framework 

Steve 
Jordan 

New lead 
TBD 

Interactive impacts of nitrogen deposition and climate 
change on ecosystems and ecosystem services. 

Christopher 
Clark 
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Additional tasks feeding into output 2 

3.3.1.6 
Lake ecosystem services in the northeastern 
United States Jeff Hollister 

3.3.1.7 

Effects of land use change associated with biofuel 
production scenarios on water quality and aquatic 
ecosystems. 

Russ Kreis 

3.3.1.8 

Effects of hypoxia on provision of ecosystem 
services by marine benthic communities along the 
US Atlantic coast 

Stephen Hale 

3.3.1.9 

Peatland ecosystem services: Linking carbon and 
nitrogen dynamics with regional‐scale air and water 
quality protection 

Brian Hill 

3.3.1.10 

Large river floodplain restoration and re-connection 
effects on ecosystem services and nitrogen 
retention 

Ken Forshay 

3.3.1.11 
Wetlands and nitrogen in Narragansett Bay 
watershed 

Cathy 
Wigand 
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Ecosystem service response functions 
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Presenter
Presentation Notes
Can we find a way to optimize benefits and detriments?  The gray bar illustrates a point of loading to a watershed that maintains forest growth, agricultural production and drinkable water.  
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Effects of nitrogen on ecosystem services 
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Overall output:  Scenario analyses at two scales: regional vulnerabilities of 
communities to air and water quality exposure stemming from nitrogen 
sources, and local vulnerability of selected communities to up-airshed and up-
watershed nitrogen pollution versus self-generated pollution.  
 
Connections:  Links to ACE Modeling/Decision support, SSWR Theme 1 
Research on Nutrient Management; SHC Theme 1 National/Urban Atlas.   
 
Expected Products 
• Scenario studies for pilot communities (model development will occur in 

ACE).    

• Integrated model outputs associated to help quantify regional and local  
vulnerabilities as part of existing decision support tool kits.  

 

Output 3 –  
Scenario Modeling 
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Output 4 –  
Sustainable N management tools  

 
Task: 
 
Connections:  Feed into SHC Theme 1, SSWR Science Questions 1 and 2.   
 
Expected products 
• Tools for sustainable nitrogen management related to landscape planning, 

nutrient trading, and application of BMPs, including wetlands, agricultural 
systems, riparian buffers, river floodplains and green infrastructure.  
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K.J. Forshay and GWERD future tasks in SHC. 

Sustainable N management tools 
and case studies. Specifically a tool 
to describe sources and sinks of N 
in a watershed called N-Sink.  
 
Collaborators: URI’s Q. Kellogg and A. Gold along 
with R. Adeuya, D. Burden and GWERD’s modeling 
group 

 
 
 

Large river floodplain restoration 
and re-connection effects on nitrogen 
retention in the Yakima and Willamette 
Rivers.  
 
Collaborators on this work include R10 Sandy Halstead, 
GWERD B. Faulkner, R. Adeuya, WED S. Cline, R. Brooks, 
and McKenzie River Trust.  

Example of flow path generated for 
N-Sink in ArcMap 

Possible levee setback study site in 
Yakima, WA 

Image from Bureau of Reclamation 



22 

Ecosystem 
Goods & 
Services 

Human health 
and well-being 

Economic 
values 

Decisions 
(individual, 

local, regional, 
national) 

Stressors/Drivers 

Ecosystem 
Condition 

Current decision process 

Integrated decision process 

Triple Bottom-Line 



23 

Ecosystem 
Goods & 
Services 

Human health 
and well-being 

Economic 
values 

Decisions 
(individual, 

local, regional, 
national) 

Stressors/Drivers 

Ecosystem 
Condition 

Valuation 
Functions/

Models 

Health and 
Well-being 
Functions 

Management 
tools & Policy 

evaluation 

Monitoring & 
Atlas: 

Stressors and 
effects  

Assessment: 
Response 

Functions/Models 
& Atlas Life Cycle 

Analysis 

Air-land-water 
Scenario models 

1 - Mapping 

2 – Ecosystem 
services 
production 

3 - Scenarios 

2 

4 - Decision tools 

SHC-Nitrogen Critical Path 



24 

Overall Goals:  
Sustainable nutrient management 

• Better monitoring/mapping of nutrients 
– will require EPA to work better internally and with other 

agencies 

• Connection of nutrient pollution to human benefits 
and values, using easy-to-understand units 

• Life Cycle Analysis that accounts for full costs of N 
to inform and assess decisions about reductions  
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Presenter
Presentation Notes
Modified from Galloway et al. (2003); 
Pictures by J. Compton or from http://intranet.epa.gov/media/phototopics.htm
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Project Impacts 
• Air standards   

– inform future National Ambient Air Quality Standards review  

– value and scope of the improvements in ecosystem services and 
condition with reductions in N and S deposition  

• Water quality  
– determinations of watershed nutrient loading and source apportionment 

– link sources and loads to water quality  

• Communities –  
– Community application of the nutrient loading and management tools 

(connects to SHC Theme 1) and the dynamic modeling (connects to ACE)  

– quantification of health and welfare effects for more encompassing 
decision support 

– tools to help communities determine how to reduce N inputs 
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Overall SHC-N Outputs   
Tools, maps, databases and scenario results that allow 
decision-makers to balance the economic, social and 

environmental impacts of reactive nitrogen.     

 Jana Compton  
compton.jana@epa.gov 
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